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The feeding of the fish, Megalops cyprinoides seems to be concentrated on
a few key species so that within the community only the populations of these
species suffer predation. Changes in feeding succession in relation to size
are related not only to food preferences but also to availability of food.
Feeding intensity, as assessed from the stomach contents, was more or Iess
uniform throughout the year. It varied between 0°7 and 0-8 9 body weight.
Because of the uniform temperature conditions prevailing in the tropics,
temperature effects on feeding intensity seems to be less pronounced. A
single peak observed during the monsoon months is attributed to a greater
abundance of food in the environment. In some months, the fish stops
feeding during the day time and probably temperature fluctuations may
have some bearing on the feeding periodicity.

INTRODUCTION

It is well known that the fishes feed intensively during spring and
summer in temperate waters (Allen 1940). This fact has been related
to the abundance of food supply by Hardy er al. (1936) and later by
Ricker (1937) to the combined effect of food supply ana temperature. In
tropical waters of India, however, temperature is uniformly higher than
the maxima in higher latitudes and the seasonal differences are less
marked ; rather uniform organic productivity prevails throughout the
year (Ramamoorthy 1953 ; Bogorov 1960). To what extent such rela-
tive uniformity in food supply and temperature conditions influence
the intensity of feeding has received very little attention. The present
paper reports on the feeding habits of a tropical fish, with special reference
to the factors influencing the feeding intensity.

1 Present address: Zoology Department, University of Bangalore, Bangalore.
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MATERIAL AND METHODS

Megalops cyprinoides Broussonet (Elopidae) was collected from the
River Cooum, Madras, which is a shallow canal of 50 metre width and
2 metre depth, receiving in its course sewage effluents. It reaches the
sea close to the University Laboratory. Most of the year it is separated
from the sea by a sand bar. With the onset of monsoon, the water
level rises and the sand bar breaks, thus allowing the stream to flow
into the sea in late October or early November for a period of about
3 to 5 weeks. During the rest of the year the Cooum is more or less
stagnant. For topographic and hydrographic details consult Ganapati
(1964).

M. cyprinoides is distributed from Madagascar to the East Indies.
The juvenile fishes migrate into the backwaters of the east coast of
India, where they grow up to 300 to 400 gm. in weight but do not attain
maturity in these waters of low salinity (Job & Chacko 1947), and are
said to return to the sea. Larger fishes weighing 600 gm. or more,
have not so far been observed in the backwaters. The fish is available
in the Cooum backwaters in large numbers throughout the year.

The food and feeding habits of the fish were studied from July 1963
to June 1964 by analysing the stomach contents of 403 specimens measur-
ing 4'3 cm.to 31'7 cm. in standard length. Specimens were collected in
the early hours of the morning with a cast net operated from a cata-
maran which could catch about 30 to 40 individuals within an hour or
so. The fishes were brought to the laboratory, weighed and volume of
stomach contents in relation to the size of the fish was determined. The
various food contents were then analysed qualitatively and quanti-
tatively and the volume of different food fractions was measured by the
displacement method (see Hynes 1950 ; Pillay 1951).

OBSERVATIONS

Crustaceans, insects and fishes formed the major food items of the
fish M. cyprinoides. The crustaceans included, copepods Cyclops bicolor,
cladocerans, Daphnia sp. and the prawn, Metapenaeus monoceros and
insects, corixid bugs, Micronecta scutellaris and Notonecta sp., aquatic
beetles Dysticus sp., midge larvae and pupae of Chironomus sp., and
nymphs of Platycenemus sp. Fish included the fry of Chanos, Elops
and Therapon and the juveniles of Mugil and the adults of the genera
Barbus, Gambusia and Mystus. Other items of minor importance were
the eggs of crustaceans and rotifers and a number of species belonging
to the genus Brachionus. Stray occurrences of megalopa larvae of brach-
yuran crabs and the malacostracans Cirolina and Grandierrella were
also recorded, especially during the rainy season. Table 1 gives the



FELDING HABITS OF MEGALOPS CYPRINOIDES 571

seasonal variations in the composition of different food fractions
(Fig. 1). The year can be arbitrarily divided into three periods namely,
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Fig. 1. Monthly variations in the food composition of Megalops
cyprinoides collected from July ’63 to June ’64 in the
Cooum backwaters, Madras.

Key : A —— A = Crustaceans ; 0....0 = Insects
X ——X = Fishes ; @—0—0—0@ = Miscellaneous

Rainy (August to November), Cold (December to March), and Hot
(April to July) Seasons with temperature characteristics of 27°, 25°
and 30°C. respectively. The different food fractions characteristic of
a period (expressed in % of total food) have been considered as basic,
secondary and incidental food (Nikolsky 1963). It may be seen from
Table 2 that intensive feeding at aﬂy given period centred around a few
"key species only. This observation conforms with those of Shorykin
(1939) and Darnell (1961), who have shown that in a community only
a few species suffer heavy losses from predatory fishes.

In the present investigation, only fishes measuring 45 to 31°7 cm.
in length were available for study. A comparison of the food com-
position of different size groups indicates that there was no marked
difference in the food preference in relation to size of the fish. The
smallest M. cyprinoides found in the Cooum backwaters were 4:5 cm.
in length ; these were feeding mainly on planktonic organisms and
Chironomus and rarely on the fish Gambusia, A similar observation
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has been reported in the case of larval and juvenile tarpon Megalops
atlantica by Harrington & Harrington (1960).
TaBLE 1

MONTHLY VARIATIONS IN THE PERCENTAGE COMPOSITION OF MAJOR FOOD ITEMS OF
Megalops cyprinoides COLLECTED FROM THE COOUM BACKWATERS

Food

Month Crustaceans Insects Fishes Miscellaneous

& Year ) (%) (%) (%)
July °63 54-64 45-36 — —
Aug. ’63 4690 43-00 — 10°10
Sep. ’63 3194 6024 577 2:24
Oct. ’63 45-18 16°12 2861 10-08
Nov. ’63 51-76 10°60 21-98 15-66
Dec. ’63 6°43 48-11 43-92 1-54
Jan. ’64 17-40 79:80 2:80 —_
Feb. ‘64 7-82 66°08 24-80 1°30
Mar. ’64 3-93 79:80 13:41 2:80
Apr. 64 64-31 32:45 — 324
May ’64 - 7503 24-97 — —
June ’64 76:67 23-33 — _

TABLE 2

SEASONAL VARIATIONS IN THE FOOD COMPOSITION OF Megalops cyprinoides

Basic food Secondary food Incidental food
Period (25t0 75% (5t025% (less than
of total) of total) 5% of total)

Aug. to Nov. Micronecta, Cvclops, Dysticus,
(Rainy Season Metapenaeus Elops, Chanos, Brachionus
Temp. 27°C.) Therapon
Dec. to Mar. Chironomus Gambusia, Barbus, Notonecta
(Cold Season larvac & pupae . nymphs of Platy-
Temp. 25°C.) cenents
Apr. to July Cyclops Micronecta, Brachionus
(Hot Season Ostracods

Temp. 30°C.)

- For a period of about seven weeks during the rainy season (from the
mlddle of October till the early December), when the sand bar between '
the Cooum and the sea breaks, a large variety of larval and Juvenﬂe
forms of marine animals migrate into the Cooum, thereby increasing
the quantity and variety of food organisms available (Panikkar &
Aiyar 1939). To ascertain if there was selective feeding among the
different size groups on these food organisms,. the data obtained for the
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months of October, November, and .December have been pooled to-
gether. Four size groups, with .a size range of 4'3-9'9 c¢cm., 10°0-
149 cm., 15:0-24'9 cm., and 25:9-30-3 cm. were averaged and the mean
sizes obtained were 83, 12'5, 17°0, and 27°7 cm. in length, respectively,
(Table 3). It can be seen from Figure 2 that with an increase.in size,
there is a marked preference towards fish-food. Insects and crustaceans,
which formed more than 359 each in the first and second size groups,
are correspondingly reduced in the third and fourth size groups. Thus,
with increasing size, the fish passes through the feeding succession :
crustaceans —- insects — fishes. Similar feeding succession has also
been observed for carnivorous fishes like Esox lucius (Hunt & Carbine
1951). Difference in food preferences among the different size groups
may be an adaptation for an effective utilization of the increased
range of food supply (Nikolsky 1963).

The different food items of M. cyprinoides were arbltrarlly divided
into microfauna comprising planktonic organisms and macrofauna
consisting of prawns, insects and fishes. There was a remarkable in-
crease in the macrofauna components eaten during the period, Septem-
ber to March, accompanied by a corresponding decrease in microfauna
(Table 4 ; Fig. 3). These changes can be attributed to the ease with
which the prey can be captured. For instance, fully ripe females of
Mystus and Barbus were often eaten in October and December, res-
pectively, but were absent in the stomach in other months, although
they were present in the Cooum. As the gonads ripen Mystus (Pandian
in press) and Barbus females, become sluggish and are perhaps easily
caught during October and December. The frequent occurrence of
jsopods and amphipods in the stomach of the fish only during Novem-
ber and December and not in other months, indicates that they move
to the surface from the muddy bottom because of flooding.

. TABLE 3

FoOD PROGRESSION IN DIFFERENT SIZE GROUPS OF Megalops cyprinoides
COLLECTED FROM QOCTOBER TO DECEMBER 1963 IN THE COOUM BACKWATERS

Size group Total Crusta- Insects Fishes Miscella-
- (body le)n"th examined  ceans (%) (%) (B neous (%)
- cTn i . d )
83 10 52:23 1157 18:10 17-10
- 125 32 - 4292 . 3625 11-:30 .o 9:530
170 75 3331 2159 40-54 . 456,
7e 4 34-80 11°45 5375 =

. During the month ‘of May, 14 individuals collected had empty
stomachs, but their.intestines were more or less gorged with food. The
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absence of food in the stomach of the fishes collected during this period
is probably due to their feeding at night, and the food having passed

Food organisms (°6)
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Fig. 2. Food progression in different size groups of Megalops
cyprinoides collected from October to December 1963
in the Cooum backwaters, Madras.

into the intestine at the time of collection (6 a.m.). This assumption is
supported by the observation that collections made during the night
(11 p.m.) during this period showed stomachs full of copepods, ostracods,
corixid bugs etc. Similar results were recorded until the end of June.
The plankton collection made in the area during the day revealed that all
the items consumed by the fish at night were present in the plankton,
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Therefore, it may be inferred that the fish did not feed during the day not
because of the non-availability of food, but for some other reasons,
which are not clear owing to lack of data on turbidity of water, diurnal
migrations of planktonic organisms and other factors. In Canadian
waters, cessation of feeding due to higher temperature during the day and
resumption of feeding during the night by the juveniles of Salmo salar
has been reported by Hoar (1942).

The amount of food consumed by M. cyprinoides varied during the
different months of the year (Table 4 ; Fig. 3). Feeding intensity,
was low in July (0318 % body weight), and increased steadily throughout
the rainy season reaching a maximum of 17849, body weight in
December. It declined (07429, body weight) in January, but again
increased to 09919 body weight in February and remained at about
089 body weight throughout the summer months. The fish fed inten-
sively from October to December. In other months, the intensity of
feeding was more or less uniform ; the variations being within a range of
07 to 08 % body weight.

TABLE 4

MONTHLY VARIATIONS IN THE AMOUNT OF FOOD CONSUMED, OCCURRENCE
FREQUENCY OF MICROFAUNA, CONDITION FACTOR OF Megalops cyprinoides
AND CHANGES IN SURFACE TEMPERATURE OF THE COOUM BACKWATERS

Month & Total Food con- Occurrence Condition Tempera-
Year examined sumed (%  frequency factor (K)  ture of the
body wt.) of micro- Cooum (°C.)

fauna (%)

July °63 11 0-318 9090 1-45£0°15 285
Aug. ’63 39 0°683 79-61 1-504+ 010 265
Sept. 63 35 0-392 37°15 1:54+0-14 295
Oct. °63 38 0-908 15:79 1-53+0°15 27°5
Nov. ’63 39 1-246 20-51 1-55+£0°19 245
Dec. ’63 52 1-784 0-00 1594017 24-5
Jan. 64 44 0742 20°45 1'57+£0°14 240
Feb. 64 39 0991 15-38 1°53+£0°15 245
Mar. ’64 30 0-558 2000 147007 25§
Apr. ’64 34 0-780 58-00 1:48:0.04 280
May ’64 22 0799 85-00 1°46 008 31-5
June 64 20 0-785 100:00 1'52+£0°08 32:5

Intensive feeding, as during the monsoon period from October to
December may be accompanied by a change in growth of the fish. The
mean condition factor of M. cyprinoides as seen from Table 4, steadily

increased throughout the rainy season, reaching a maximum of 1:59

in December. It then declined gradually during the cold season and
remained more or less low during the hot season. Further, Figure 3
shows that the trends obtained for the condition factor and the feeding
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intensity are almost parallel to each other, indicating the effect of fluctua-
tions in the food supply, not only on the consumption of food but also
its resultant effect on the growth of the fish.

During the period of rapid growth, fishes and insects formed a major
proportion of the diet of M. cyprinoides. Hunt & Carbine (1951) showed
that an acceleration of growth of the fish Esox lucius is associated with its
change over to fish diet. The selection of larger food organism by M.
cyprinoides during the period October to March (Table 4) is significant
as it helps the fish in cutting down the energy expenditure by capturing
fewer prey (see also Allen 1935 ; Nikolsky 1963). During this period
the condition factor of the fish was more than 1-5 (Fig. 3). Moreover,
Pandian (1967b) showed that the conversion rates of protein and total
food in M. cyprinoides is faster in individuals fed on Gambusia affinis
than those fed on Metapenaeus monoceros. In the present study, the
growth rate of M. cyprinoides, as indicated by the condition factor, is
faster during the rainy season when Gambusia and other small fishes
formed the main food than during the pre-monsoon period when Meta-
penaeus and other crustaceans were taken. During summer, the fish
feeds less and in most cases ostracods formed an important food source.
They were, however, not easily digested, since most of the ostracods
observed from the rectal content were intact with bivalved carapace.
Gerking (1962) reported that ostracods were found similarly in the lower
part of the intestine of Lepomis macrochirus. Apparently, ostracods
so common in the stomach of M. cyprinoides during the summer months
have little food value to the fish, and this may account for the relatively
lower value of the condition factor during these months.

DiscussioN

It is seen that the quantity of food consumed by M. cyprinoides
was more or less uniform except for a marked increase during the
period October to December. Although previous studies, Job (1940),
Vijayaraghavan (1950, 1951a, b, 1953) and Kuthalingam (1955a, b,
19564, b) have been limited to the species composition and to the seasonal
changes of the diet of a number of coastal water fishes of Madras, their
data indicates a similar feature as has been observed in the present study.
A point to be noted is that the intensity of feeding, observed in M.
cyprinoides is not as pronounced as one finds in temperate fishes. It is
known that the intensity of feeding is influenced by the food supply,
temperature, and reproductive cycle of the fish (Ricker 1946). In the
present study, feeding habits refer to immature forms since mature M.
cyprinoides do not occur in the brackish waters of the Cooum. There-
fore, nothing can be said of the influence of breeding cycle on the feeding
rhythm. The surface water temperature of the Cooum is quite high and
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varies from 24° to 32°C. seasonally. Whereas, in temperate waters
very low winter temperature may reduce or even stop feeding in fishes
{(Moffett & Hunt 1943 ; Ricker 1946), tropical fishes like M. cyprinoides
enjoy relatively constant and warm temperature conditions and it appears
that temperature has no bearing on the intensity of feeding in M. cypri-
noides. Therefore, increase in feeding intensity observed from October
to December in the fish is attributable to the changes in food supply
in the habitat, because of the breaking of the sand bar at the mouth of
the river.

M. cyprinoides of 1 gm. weight when fed on prawn Metapenaeus
monoceros in the laboratory consumed 9-29% body weight/day and with
increasing size of the fish, the feeding rate decreased to 189, body weight/
day in 150 gm. individual, (Pandian 1967a). Considering this fact, the
quantity of food (0-8 to 1.8 %, body weight) consumed by the fish collected
in the Cooum is low. One of the possibilities seems to be that fishes feed
more than once in the natural habitat. In fact it has been recently e m-
phasized that intensity of feeding must be based not only on the quantity
of food found in the stomach at the time of observation but also on the
rate of digestion (Bajkov 1935) and on the frequency of feeding (Darnell &
Meierotto 1962). In view of the difficulties in making continuous
observations over a period to count the frequency and the limitations
encountered in applying the data obtained for digestion rates in the
laboratory to the fishes collected in the Cooum, the present study has
been confined to the observations on the stomach contents alone.
Finally, it can be seen that it is more important to study the efficiency
and rate at which the food ingested is converted for growth in natural
habitat by the fish than to consider the various aspects influencing the
frequency of feeding and digestion rate. Allen (1940, 1941, 1951) and
Benson (1953) have combined studies, such as those mentioned above, in
relation to the condition factor. The changes observed for feeding inten-
sity and those of condition factor of M. cyprinoides were parallel to each
other. Tt is assumed that the results obtained for intensity of feeding
based on the stomach contents are reasonably reliable and that additional
effects due to changes in digestion rate and frequency of feeding would
not alter the main trends observed.
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